We studied the antigens of adults and third-stage larvae of the meningeal worm, Parelaphostrongylus tenuis, in an attempt to identify potential serodiagnostic molecules for this important infection of wild ungulates. Soluble extracts of P. tenuis adult worms and third-stage larvae were separated by sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) and two-dimensional (2D) electrophoresis and analyzed by immunoblotting using purified rabbit anti-P. tenuis immunoglobulin G (IgG). The IgG antibodies were obtained from animals immunized with P. tenuis adult worm or third-stage larva soluble extract and serum from elk infected with P. tenuis. Out of more than 75 antigens (as shown by 2D electrophoresis and immunoblotting), 7 antigens from adults (four 170-120-kD molecules with isoelectric points between 6.0 and 6.6, two 55kD molecules with isoelectric points of 5.6 and 5.8, and one 13-kD molecule) and 2 antigens from thirdstage larvae (one 25-30-kD molecule with an isoelectric point of 6.3 and one 13-kD molecule) distinguished P. tenuis from two other nematodes, Dictyocaulus viviparus and Trichinella spiralis. Initial results using serum from experimentally infected elk indicate that this serum recognized a similar profile of P. tenuis antigens when compared with the serum from immunized rabbits. This research has set the foundation for the development of a test for P. tenuis infections in wild and recently domesticated elk and other ungulates.
The meningeal worm, Parelaphostrongylus tenuis, is a metastrongyloid nematode that matures between the dura mater and leptomeninges of white-tailed deer (Odocoileus virginianus). Infections with P. tenuis are common and widespread in white-tailed deer of eastern North America but rarely cause disease. 5, 9, 15 Infections in other ungulates such as moose (Alces alces), elk (Cervus elaphus), reindeer (Rangifer tarandus), llamas (Lama glama), and domestic sheep (Ovis aries) are less common but often result in severe neurologic disease, with disorientation, paralysis, and death. 1, 3, 6, 14 Although first-stage larvae can be detected in the feces of infected ungulates, they are indistinguishable from larvae of related nematodes such as P. andersoni and P. odocoilei. 11 At present, the only way to confirm an infection with P. tenuis is to demonstrate the presence of the worm in the central nervous system at necropsy. Because there is no accurate method of diagnosing the infection in living animals, meningeal worm could be inadvertently relocated into western North America through translocation of infected animals from eastern North America. 17, 20 To prevent potential accidental establishment of P. tenuis in both wild and recently domesticated ungulate populations by imported hosts such as elk, it is imperative that an accurate test for the detection of meningeal worm infection be performed prior to the translocation of the animals.
Serologic tests have been used to detect nematode infections, including trichinellosis, strongylodiasis, toxocariasis, and filariasis. 19 Recently, an enzymelinked immunosorbent assay (ELISA) to assess lungworm infections in cattle has been developed. 8 A 17-kD specific antigen of Dictyocaulus viviparus that has diagnostic potential has also been identified and isolated. 10 Sera collected from calves infected with D. viviparus uniformly reacted with this 17-kD molecule in an indirect ELISA.
Detection of an antibody response to P. tenuis using a serological assay such as ELISA in wild or recently domesticated ungulates is one method that can be used to detect meningeal worm infections. This ELISA would indicate whether wild ungulates have been previously exposed to the parasite but not whether they are currently infected with P. tenuis. A variation of this test known as the antigen capture ELISA would detect current meningeal worm infections by specifically identifying parasite molecules present in host fluids.
The objectives of this study were to 1) identify the molecules of P. tenuis that elicit host immune responses and 2) characterize antigens of the adult worms and third-stage larvae that may be used for the sero-diagnosis of infections with P. tenuis in wild and domesticated ungulates.
Materials and methods

Parasites
First-stage larvae and adult worms. Meningeal worm infections were established in elk and white-tailed deer as previously described. 17 Feces of elk and deer were examined for first-stage larvae of P. tenuis using a modified Baermann technique. 20 All first-stage larvae and adult parasites were obtained from experimentally infected white-tailed deer. 17 Infection of snails and isolation of infective third-stage larvae. Individual snails (Triodopsis multilineata) were exposed to first stage larvae of P. tenuis by placing them on moist filter paper soaked with larval suspension. 11 After exposure, snails were placed in plastic containers containing moistened vermiculite and incubated at 18 C for 50-60 days to allow for development of infective third-stage larvae (previous experiments have shown that infective third-stage larvae can be recovered from snails after 40 days postexposure 12,17). Third-stage larvae were isolated from infected snails by digestion in an artificial digest solution (1% pepsin, 0.75% NaCl, 0.02 M HCl) at 37 C for 2 hr. Larvae were separated from the snail tissue, removed from solution with a 1-ml syringe fitted with an 18-gauge needle (bevel removed), and washed with phosphate-buffered saline (PBS; pH 7.2). a Preparation of soluble and particulate extracts of parasites. Third-stage larvae of P. tenuis obtained from digested snails were washed 6 x in nonsterile PBS to remove any residual snail tissue. The larvae were washed an additional 3 x (15 min each wash) at 37 C in sterile PBS a containing 50 µg/ml gentamicin. a Larvae were removed from the final wash, and this solution was retained and used as a control in immunoblot analysis of parasite antigens to ensure that any residual snail tissue that may have remained on the larval surface would not be mistaken for parasite antigen. Larvae recovered from the snails were homogenized with a glass tissue homogenizer, sonicated on ice using a microultrasonic cell disrupter b at maximum power for 2 min, suspended in PBS at 4 C for 24 hr, and centrifuged at 1,000 x g for 10 min. The supernatant (soluble extract) and pellet (particulate extract) were separated and processed for use in the assays. Onemilliliter aliquots of soluble and particulate extracts were lyophilized overnight and stored at -20 C. Lyophilized larval and control precipitates were returned to solution and concentrated 8-fold by dissolving them in double-distilled deionized water. Excess salts were removed from the concentrated samples by dialysis against PBS using dialysis membranes c (molecular mass cutoff of 3,500 D) for 24 hr at 4 C. Dialyzed material was stored at -80 C until used in the assays. Soluble extracts from adult P. tenuis worms (obtained by necropsy of experimentally infected white-tailed deer) were prepared using the same procedures as for third-stage larvae.
Muscle tissues from mice experimentally infected with Trichinella spiralis were homogenized and digested in 1% HCl/pepsin solution for 3 hr at 37 C. 7 Larvae were removed from the digest solution and washed 3 x with PBS, and the soluble extract was prepared using the protocol described above. Adult D. viviparus parasites were obtained from infected elk, and the soluble extract was prepared in the same manner as for adult P. tenuis.
Protein concentration analysis. Protein concentrations of parasite extracts were determined using a protein colorimetric assay. d The protein concentrations of the samples were obtained by comparing the optical densities of samples and known dilutions of a standard (bovine serum albumin) using a spectrophotometer at 562 nm.
Development of elk-specific reagents
Purification of elk immunoglobulin G and production of anti-elk antibodies. Gamma globulin fractions from elk serum were separated using the ammonium sulfate precipitation technique. 13 The immunoglobulin M (IgM) was separated from the gamma globulin fraction using gel filtration chromatography. e The immunoglobulin G (IgG) was then purified to homogeneity using both affinity and ion exchange gel chromatography. Six to 10 ml of serum from each group was loaded for chromatography on an affinity column f followed by a run on an ion exchange column f to remove serum albumins and isolate IgG, respectively. This IgG fraction was lyophilized, resuspended in 10 ml of double-distilled deionized water, and mixed by inversion with equal volumes of a saturated solution of ammonium sulfate at 4 C. The solution was mixed on a rocking table overnight at 4 C and subsequently centrifuged at 25,000 RPM for 30 min. The supernatant was discarded, and the pellet was resuspended in 6 ml of PBS. The resultant solution was dialyzed against 0.02 M K 2 HPO 4 buffer overnight. The protein concentrations of the elk IgG samples were determined, and the pure elk IgG was lyophilized and stored at 4 C in a desiccator until used.
Preparation of polyclonal antibodies to elk IgG and purification of rabbit anti-elk IgG. Two rabbits were immunized with 100 µg of pure elk IgG by subscapular and intramuscular injection in equal volumes of sterile PBS and Freund's complete adjuvant. a The rabbits were boosted 3 wk later with 100 µg of elk IgG in Freund's incomplete adjuvant. a Four weeks later, another booster injection (100 µg of IgG) in Freund's incomplete adjuvant was administered. The immunized rabbits were bled 1-2 wk after the final booster injection. The blood was allowed to cool to room temperature for 30 min and refrigerated (4 C) for approximately 6 hr. The clotted blood was centrifuged at 1,000 x g for 20 min. The sera were tested for the presence of antibodies to elk IgG using ELISA and immunoblotting. The antibody titers for the rabbit anti-elk IgG antiserum were 1:10,000 and 1:40,000 for rabbit nos. 1 and 2, respectively. The sera were dispensed in 1-ml aliquots and frozen at -80 C until needed. Rabbit anti-elk IgG was purified from the immune serum using the methods employed for the isolation of elk IgG.
Conjugation of rabbit anti-elk IgG to alkalinephosphatase. The indicator enzyme, alkaline phosphatase, was conjugated to rabbit anti-elk IgG as follows. Five milligrams of alkaline phosphatase, g obtained by centrifugation in 3.2 M (NH 4 ) 2 SO 4 solution, was dissolved in 0.9 ml of PBS and 0.1 ml of purified rabbit anti-elk IgG and dialyzed together overnight against PBS. Following dialysis, 0.02 ml of 25% gluteraldehyde was added, and the mixture was incubated at room temperature for 2 hr. After incubation, the mixture was di-alyzed against PBS containing 2% glycine. The volume was adjusted to 6 ml, and the conjugate was stored at -80 C until used. This conjugate was used to identify P. tenuis antigens recognized by an elk experimentally infected with 300 third-stage larvae.
Immunization of rabbits with P. tenuis soluble extracts
Rabbits were immunized with P. tenuis adult or larval soluble extract by subscapular and intramuscular injection with 10 µg of soluble extracts mixed in equal volumes of sterile PBS and Freund's complete adjuvant. The rabbits were boosted by subscapular injection 3 wk later with 10 µg of soluble extracts in Freund's incomplete adjuvant. Four weeks later, another boost of soluble extract antigen (25 µg) in Freund's incomplete adjuvant was administered subscapularly. Blood was collected from immunized rabbits 1-2 wk after the final immunization, allowed to cool to room temperature for 30 min, and then refrigerated (4 C) for 6 hr. The clotted blood was centrifuged at 1,000 x g for 20 min, and the serum was removed, dispensed in l-ml aliquots, and frozen at -80 C until needed.
Isolation of IgG antibodies from immunized and control rabbits
Serum IgG fractions from rabbits immunized with P. tenuis adult worm or larval soluble extract and from control rabbits (i.e., no exposure to the parasite) were prepared using gel chromatography and ammonium sulfate precipitation. 13 Six milliliters of rabbit serum were chromatographed on an affinity column to remove albumins. The initial peak fraction containing IgG was collected by a fraction collector fitted with an ultraviolet absorbance detector at 280 nm. h The IgG fraction was lyophilized, resuspended in 6 ml of doubledistilled deionized water, and mixed by inversion with equal volumes of a saturated solution of ammonium sulfate at 4 C. This solution was mixed on a rocking table overnight and then centrifuged at 25,000 x g for 30 min. The supernatant was discarded, and the pellet was resuspended in 6 ml of PBS. This solution was dialyzed against 0.02 M K 2 HPO 4 buffer overnight. IgG fractions isolated from the rabbits were given the following designations: rabbit anti-adult Pt, for the rabbit immunized with adult P. tenuis soluble extracts; rabbit anti-L 3 Pt, for the rabbit immunized with P. tenuis thirdstage larvae soluble extract; and control rabbit IgG, from a rabbit that was not exposed to P. tenuis. The purified rabbit IgG was used as the first antibody in the immunoblot assay.
Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE)
Solubilized parasite extracts were separated by SDS-PAGE under reducing conditions. Approximately 7.5 µg of protein from each sample was lyophilized (for larval wash solution, a volume equal to that used for third-stage larva soluble extract was used), and the precipitate was dissolved in sample buffer (59.5 mM Tris-HCl [pH 6.81, 5.7% SDS, 9.5% glycerine, 9.5% 2-ß-mercaptoethanol, 0.02% bromophenol blue). The solution was heated at 95 C for 8 min and centrifuged at 10,000 x g for 3 min, and the supernatant was applied to the gel. The samples were separated on 1.0-mm 5% stacked 7.5-20% gradient SDS polyacrylamide gels. The gels were run on vertical slabs f at 100 V for 10 min followed by 200 V for 35 min. Proteins were either transferred to nitrocellulose paper for immunoblot analysis or visualized by staining with 0.1% Coomassie brilliant blue and/or silver stain f according to the manufacturer's protocol. Molecular masses were calculated from standard curves obtained from the separation of high and low molecular mass biotinylated standards. f The molecular masses of the standards were 14.4, 21.5, 31, 42.7, 66.2, 97.4, 116.25, and 200 kD.
Two-dimensional electrophoresis of P. tenuis antigens
Two-dimensional (2D) electrophoresis was done using a capillary gel system. f Soluble proteins (7.5 µg) from adult and third-stage larvae of P. tenuis and from D. viviparus adults were lyophilized and reconstituted in 20 µl of sample buffer (9.5 M urea, 2.0% Triton X-100, 5% b-mercaptoethanol, 2.0% Bio-lyte 3-10 ampholyte f ) and isoelectrically focused in denaturing 4% polyacrylamide capillary gels (9.2 M urea, 4% polyacrylamide/bisacrylamide monomer, 2.0% Triton X-100, 2% Bio-lyte 3-10 ampholyte f ). Isoelectric focusing was done at 500 V for 15 min followed by 750 V for 3.5 hr. All capillary gels were preelectrophoresed at 200 V for 10 min, 300 V for 10 min, and 400 V for 10 min prior to the application of parasite material.
Isoelectrically focused parasite proteins were separated by molecular mass on a 7.5% stacked 12% polyacrylamide/piperazine diacrylamide f cross-linked gel. Capillary gels containing the isoelectrically focused parasite proteins were laid on top of second-dimension gels and electrophoresed at 100 V for 10 min and 200 V for 36 min. Gels were either stained with Coomassie brilliant blue e and/or silver stain f or transferred to nitrocellulose for immunoblot analysis. Isoelectric points (PI) of the molecules were determined using 2D standards f with the following pI values: 4.5, 5.2, 5.5, 5.9, 6.6, 7.0, and 8.5.
Immunoblot analysis of P. tenuis antigens
Immunoblotting was done as previously described, 18 with the following modifications. Proteins resolved by SDS-PAGE and 2D electrophoresis were transferred to nitrocellulose paper for 1 hr at 100 V in blotting buffer (25 mM Tris, 192 mM glycine, 20% methanol [pH 8.3]) using an immunoblot transfer apparatus. f The nitrocellulose sheets were incubated overnight at 4 C in blocking buffer (150 mM NaCl, 25 mM Tris-HCl [pH 7.5], 1 mM sodium azide, 1.0% [w/v] nonfat powdered milk). Nitrocellulose sheets were washed 2 x in TTBS (20 mM Tris, 500 mM NaCl [pH 7.5], 0.05% Tween 20) for 5 min and reacted with the first antibody diluted in blocking buffer for 12 hr at 4 C. First antibody solutions were rabbit anti-adult Pt (1:100 dilution), rabbit anti-L 3 Pt (1:100 dilution), rabbit control IgG (1:100 dilution), or infected elk serum (1: 10). Rabbit anti-adult Pt samples were blocked with white-tailed deer cerebrospinal fluid (CSF) (done by mixing 0.5 ml of purified IgG antibody with 50 µl of white-tailed deer CSF at 4 C for 4-6 hr) prior to immunoblotting to ensure that any antigens detected by rabbit IgG were those of P. tenuis and not proteins of white-tailed deer that may have been attached to the surface of the adult parasites. After incubation with the first antibody, nitrocellulose sheets were washed 2 x in TTBS (5 min each wash). Nitrocellulose membranes were then incubated with goat anti-rabbit IgG alkaline phosphatase conjugate f (GAR-AP, 1:3,000 dilution) at 4 C for 3 hr. The elk immunoblot was incubated with rabbit antielk IgG alkaline phosphatase conjugate (1:10 dilution) at 4 C overnight. After incubation, the membranes were washed 3 x (5 min each wash) in TTBS followed by 2 x in TBS (20 mM Tris, 500 mM NaCl [pH 7.5]). The membranes were immersed in color development solution (p-nitroblue tetrazolium salt and 5-bromo-4-chloro-3-indolyl phosphate in aqueous dimethyl-formamide) at room temperature. Control blots were incubated with GAR-AP only to determine whether GAR-AP recognized P. tenuis antigens nonspecifically.
Results
SDS-PAGE and immunoblot analyses of P. tenuis antigens.
In an attempt to identify parasite antigens, proteins resolved by SDS-PAGE ( Fig. 1) were transferred to nitrocellulose sheets and immunoblotted against purified IgG antibodies obtained from rabbits immunized against P. tenuis adult worm or third-stage larva soluble extract. IgG isolated from rabbits immunized with P. tenuis adult worm soluble extract recognized several antigens in both P. tenuis adults and third-stage larvae (Fig. 2) . Antigens of approximately 250, 170-120, 75, 55, 50, 44, 33, and 13 kD were clearly recognized in P. tenuis adult worms. Thirdstage larvae antigens of 170-120, 55, 33, 31, and 13 kD as well as a diffuse band spanning 25-30 kD were also recognized by anti-P. tenuis IgG (Fig. 2) . The 13-kD and 25-30-kD antigens, however, were absent in the particulate extract of third-stage larvae.
The comparative assessment of the antigenic profiles recognized by anti-P. tenuis was done using P. tenuis adult and larval extracts, D. viviparus adult worms, and T. spiralis first-stage larvae. In blots probed with IgG from a rabbit immunized with P. tenuis adult worm soluble extract, antigens of 170, 120, 55, 50, 44, and 33 kD were shared with D. viviparus, and those of 250, 75, 55, 50, and 33 kD were shared with T. spiralis (Fig.   2 ). The 17-kD adult antigen that was recognized by rabbit anti-L 3 Pt also appeared to cross-react with an antigen of similar molecular mass in D. viviparus (Fig.  3) . Parelaphostrongylus tenuis adult worm antigens of 250, 75, and 13 kD did not cross-react with any antigens of similar mass in D. viviparus (Fig. 2) .
Immunoglobulin G from rabbits immunized with P. tenuis third-stage larva soluble extract recognized antigens of approximately 250, 170-120, 75, 55, 50, 44, 17 , and 13 kD in P. tenuis adult worm soluble extract preparations, indicating that adult worms and third- stage larvae share several antigens (Fig. 3) . Antigens of 170, 120, 75, 55, 50, 33, and 31 kD and in the diffuse 25-30-kD band were recognized in P. tenuis third-stage larva soluble extract preparations. Similarly, larval antigens of 55,50,33, and 31 kD were present in particulate extracts of third-stage larvae.
Blots probed with rabbit anti-L 3 Pt revealed that the antigens of 120, 55, and 50 kD in P. tenuis third-stage larva soluble extract are shared with D. viviparus, and the 55-kD antigen is shared with T. spiralis (Fig. 3) .
The diffuse 25-30-kD antigens are characteristic of P.
tenuis third-stage larvae. A summary of the antigens recognized by rabbits immunized with P. tenuis antigen is presented in Table 1 .
using purified anti-P. tenuis rabbit IgG. Silver-stained gels of P. tenuis adult worm soluble extract and thirdstage larva soluble extract revealed an abundance of proteins, ranging in size from 20 kD to > 200 kD and spanning the pH ranges of 4.5-8.5 (data not shown). The resolution achieved by 2D electrophoresis was considered sufficient to conduct immunoblot analysis.
To determine the specificity of P. tenuis antigens, the molecules recognized by serum from rabbits immunized with P. tenuis were compared with those recognized by serum from rabbits with no prior exposure to the parasite. Parelaphostrongylus tenuis adult worm antigens of 250, 170, 120, 80, 75, and 17 kD were recognized by control rabbit IgG. Antigens of 55, 33, and 31 kD of P. tenuis third-stage larvae and the 31and 33-kD antigens in the particulate extract of the third stage larvae were also recognized by control rabbit IgG (Fig. 4) . However, this nonspecific recognition was of much lower intensity when compared with that of blots probed with rabbit IgG from immunized animals. Blots probed with GAR-AP only revealed that the 75-kD antigen was recognized nonspecifically.
Immunoblots of 2D electrophoresis-resolved proteins were done to identify those P. tenuis antigens that differed from those of D. viviparus. Although many antigens were recognized in 2D electrophoresis immunoblots (in excess of 75 antigens), the complexity of the antigenic makeup was minimized by focusing on those molecules that were identified as characteristic for P. tenuis and/or recognized as specific in SDS-PAGE immunoblots. The antigens of particular interest were those corresponding to the 170-120-,55-, and 13-kD antigens in P. tenuis adult worm extract and the 13-and 25-33-kD antigens in third-stage larva extract.
Four antigens from P. tenuis adult worms, spanning the 170-120-kD range and having approximate pI of 6.0, 6.1, 6.3, and 6.6, were different from those of similar molecular mass found in D. viviparus adults.
The 55-kD molecule was resolved into 2 antigens (pI = 5.6 and 5.8) and did not cross-react with antigens of D. viviparus (Fig. 5) . The 13-kD antigen was not detected in 2D electrophoresis immunoblots because of the electrophoresis time required to obtain optimal resolution of higher molecular mass antigens.
Two dimensional PAGE and immunoblot analyses
Two dimensional electrophoretic analysis of thirdof P. tenuis antigens. Soluble extract proteins of adult stage larva antigens of 31 and 33 kD revealed that these worms and third-stage larvae of P. tenuis and of D. molecules were antigenically similar to those of D. viviviparus adults worms were resolved by 2D electro-viparus (Fig. 6 ). Of particular interest, however, was phoresis and either silver stained or immunoblotted the presence of the 25-30-kD diffuse band, having an approximate pI of 6.3 in P. tenuis third-stage larvae, Elk serum recognized the following antigens: 170-120 and its notable absence in D. viviparus adults. This kD, 75 kD, 55 kD, 50 kD, 49-40 kD (4 molecules), diffuse antigen resolved by 2D electrophoresis corre-36-30 kD (3 molecules), 17 kD, and 13 kD of adult sponded to the molecule(s) seen in immunoblots of P. tenuis (Fig. 7, lane a) . With exception of the 170single dimension SDS-PAGE-resolved proteins. 120-kD range, elk serum similarly recognized the an-Immunoblotting using serum from infected elk. The tigens of third-stage larvae (Fig. 7, lane b) . Because this results of preliminary experiments using serum from elk had a natural infection of D. viviparus, which was elk experimentally infected with P. tenuis indicate that ascertained at necropsy, it is not surprising that its this serum recognized similar parasite molecules when serum also recognized the antigens of D. viviparus adult compared with that from immunized rabbits (Fig. 7) . worms (lane d). Although the immunoblot analysis showed that elk serum recognized several antigens that were shared between P. tenuis and D. viviparus, at least 8 distinct antigens were present in P. tenuis adult worms that were not observed in D. viviparus or T. spiralis (Fig. 7, lanes d, e) . These observations suggest the presence of a strong immune response in elk against P. tenuis adult worms, third-stage larvae, or both.
Discussion
The objectives of this study were to characterize for the first time the antigens of P. tenuis and to identify those molecules that may serve as potential serodiagnostic molecules for this infection of wild and domestic ungulates.
Several antigens of P. tenuis adults and third-stage larvae were identified using SDS-PAGE and immunoblotting. Antigens corresponding to 250, 170-120, 75, 55, 50, 44, 33, 17, and 13 kD were observed in soluble extracts of P. tenuis adult worms. Similarly, antigens of 120, 55, 50, 33, 31, and 13 kD and a 25-30-kD diffuse band were identified in soluble extracts of P. tenuis third-stage larvae. Antigens of 55, 50, 33, and 31 kD identified in third-stage larva soluble extracts were also found in SDS-PAGE-resolved particulate extracts of larvae.
A number of antigens of P. tenuis adults worms and third-stage larvae are potentially diagnostic. A major requirement for diagnostic antigens is that they do not cross-react with some other host or parasite molecules and that they are consistently recognized by the host immune system. Several antigens recognized by sera raised against P. tenuis soluble extracts differed from those of the distantly related nematodes D. viviparus and T. spiralis. The specificity of an antibody to an antigen of P. tenuis was determined by comparing the antigens recognized by a rabbit immunized to P. tenuis with those recognized by a rabbit having no previous exposure to parasite molecules. Parelaphostrongylus tenuis adult worm antigens of 170-120 kD (4 distinct antigens with pI of 6.0-6.6), 55 kD (2 distinct antigens with pI of 5.6 and 5.8), and 13 kD fulfilled both uniqueness and specificity criteria. The distinct antigens of the third-stage larvae of P. tenuis were a 13-kD antigen (probably the same antigen as found in adults) and a diffuse band spanning a 25-30-kD range and having a pI of 6.3.
Although the above antigens characterize P. tenuis when compared with the distantly related ungulate nematode D. viviparus, further research is required to determine whether these potentially diagnostic molecules retain their uniqueness when compared with those of more closely related parasitic ungulate nematodes such as P. andersoni and P. odocoilei. At present, because of the limited material available, the complete antigenic analysis using the materials from all of the members of the genus Parelaphostrongylus is not possible.
The identification of P. tenuis antigens in this study was done using purified IgG from immunized and nonimmunized rabbits. Although rabbits do not become infected with P. tenuis, they offer an experimental model system for the identification of antigens that may be recognized by ungulates. The results of preliminary experiments using serum from elk experimentally infected with P. tenuis indicate that this serum recognizes similar parasite antigens when compared with that of P. tenuis-immunized rabbits. We are currently investigating the sensitivity of this method in detecting immune responses from elk exposed to different numbers of infective third-stage larvae. Recent reports indicate that the ingestion of relatively few infective third-stage larvae can cause severe neurologic disease in elk. 17 Although third-stage larvae share a number of antigens with adult worms, they are more exposed to the immune system of ungulates during their migration towards the central nervous system. Thus, the antigens of third-stage larvae, rather than those from adults, may be more relevant for the serodiagnosis of meningeal worm infections in ungulates. Unfortunately, the detection of an antibody response to a parasite antigen does not indicate that the animal is currently infected, rather it indicates that the host has been previously exposed to the parasite. Current meningeal worm infections may be detected using excretory/secretory antigens of the adult worms in an antigen capture ELISA using CSF of the infected ungulates. Our preliminary results indicate that several anti-P. tenuis antibodies recognize antigens present in the CSF of experimentally infected elk (data not shown).
Another potential source of diagnostic antigens for meningeal worm infections may be those found in firststage larvae of P. tenuis. First-stage larvae that hatch in the capillaries of the host are also exposed to the components of the host's immune system. 2 Thus, the continuous presence of the first-stage larvae in asymptomatic ungulates (those with low level infections) should result in a measurable immune response against this stage of the parasite and a unique antigenic profile detectable in infected individuals.
The results of this study indicate that our approach for the development of a diagnostic test for the detection of meningeal worm infections in elk is correct and that the development of such a test for use in wild and recently domesticated elk and other ungulates is feasible. 4.
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